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Thomson. Joule had too much respect for Thomson's
mathematical abilities. If he had not subordinated his own
superior genius to the solution of Thomson's requests, it
might have led him to other solitary regions, where it might
have made discoveries as great as those it had made in the
previously unchartered regions of the experimental theory
of heat. In his collaboration with Thomson, Joule behaved
like a chief experimental assistant, rather than the collabor-
ator of superior genius. The explanation may also be partly
due to a decline of his powers owing to physical or
psychological ill-health.
Joule's conceptual and experimental contributions had
provided the data for the mathematical development of the
theory of heat. This was made by Clausius, Thomson and
Rankine. As he was not a mathematician he could not share
in this extension.
The new theory of thermodynamics had explained how
the efficiency of heat-engines depends on the ranges of the
working temperatures, and had shown the limitations of the
efficiency of the steam-engine owing to the small range of
temperature through which it works. In 1851 Joule
described a hot-air engine that could work over a range of
temperature much wider than that of a steam-engine. The
attempts to operate hot-air engines according to his design
were not practically successful, but it is interesting to note
that the modern highly efficient Diesel engine is a hot-air
engine in which the air compressed in the cylinder is super-
heated by the combustion of an injected charge of oil. In
Joule's engine the air was to be compressed into an extern-
ally heated receiver, and the superheated air was then to
do work by expansion in the piston cylinder.
The development of thermodynamics created a demand
for more exact data concerning the thermal properties of
gases. Regnault had published his famous tables of the
relations between the volume, density, pressure and
temperature of air, and of steam, in 1847. His accurate
measurements had shown that though air closely obeys
Boyle's law, the density increases slightly faster than the
pressure. From this datum the new theory of thermo-

